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The composition of chrysanthemum extracts and their 
pharmacological functions

Wan-Li LIANG1,2, Dan GONG1,2, Wei Kevin ZHANG1,2

ABSTRACT
Chrysanthemum is a widely planted cash crop worldwide, due to its high ornamental and medicinal 
values. In addition, as a frequently used material in Traditional Chinese Medicine, studies have revealed 
that chrysanthemum extracts are complicated mixtures of flavonoids, volatile oils, organic acids, 
polysaccharides and other minor components, which possess pharmacological effects against many 
pathological conditions such as toxin-induced cell loss, bacterial infection-induced inflammation, reactive 
oxygen species-induced oxidative stress and tumor formation induced by various stimuli. In this mini 
review, we collected and summarized the current understanding on the composition and pharmacology 
of chrysanthemum extracts originally published in both Chinese and English, and aimed to broaden the 
readership, in order to build up the basis for eliciting more valuable investigations in this topic.
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1. Introduction
  B e i n g  a  l e a d i n g  v a l u e d  f l o w e r  w o r l d w i d e , 
chrysanthemum is planted and studied due to its 
attractive appearance of colors and shapes (1), dynamic 
plant architectures, a variety of flowering times and 
post-harvest quality (2), and potential medicinal and 
therapeutic applications of its extracts (3). In addition, 
chrysanthemum has long been treated as an important 
medicinal substance with a wide usage in Traditional 
Chinese Medicine (TCM) (4-8). As documented in the 
classical literatures of TCM, which could date back to 
1,000 B.C., the dried head-shaped flower sequence of 
chrysanthemum, with the Latin name of Dendranthema 
morifolium (Ramat.) Tzvel. possessed “sweet and bitter 
taste” (“taste” is usually referred to as the pharmacological 
characteristics of a certain medicine in TCM), and has the 
effects of dispersing “liver wind” (a TCM term indicating 

a range of health hazards in the liver that occur suddenly), 
balancing “liver and eyesight” (according to the theory 
of TCM, liver is highly correlated with eyes), clearing 
“heat” and detoxifying (9). Modern pharmacological 
studies have also suggested that chrysanthemum extracts 
possess cell protection (10, 11), anti-colitis, anti-tumor 
(12-14), anti-oxidation (15) and anti-bacterial effects (16-
19), as summarized in Figure 1. Moreover, the extracts 
of chrysanthemum have been shown to be capable of 
preventing lipid accumulation in the liver (20-22).
  Modern Chinese literatures have demonstrated that the 
usefulness of chrysanthemum tea in alleviating symptoms 
such as headache, dizziness, thoracic fever, coronary heart 
disease and hypertension. According to the various origins 
and processing methods of the medicine, four varieties 
namely “Hang Ju”, “Gong Ju”, “Chu Ju” and “Bo Ju” 
have been suggested in the First Section of the Chinese 
Pharmacopoeia 2005 Edition. Additionally, other varieties 
of chrysanthemum are also seen in the market. Although 
some minor ingredients among varieties could be distinct, 
most of them include flavonoids (including apigenin, 
luteolin and quercetin), volatile oils (including mono- and 
sesquiterpene, their oxygen-containing derivatives and 
aromatic compounds), organic acids (such as chlorogenic
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acids), polysaccharides (composed of galactose, 
glucose, mannose and pectinose), and other minor 
components (vitamin C, selenium, etc.) (23, 24). For a 
better illustration, the general composition and possible 
pharmacological effects of chrysanthemum extracts are 
summarized in Table 1. In this mini review, we collect 
and summarize the general components of chrysanthemum 
extracts and their pharmacological effects reported in 
Chinese literatures, as well as recent findings in English 
literatures, with the aim to build up the basis for more 
valuable investigations and avoid unnecessary redundant 
attempts for the separation of their composition and 
illustration of their pharmacological effects. 

2. Flavonoids in chrysanthemum extracts and 
their potential pharmacological effects
2.1 Types of flavonoids
  The flavonoids contained in chrysanthemums are mainly 
apigenin, luteolin, quercetin and their derivatives, such as 
flavonoid glycoside, flavonols and flavonol glycosides. 
Among these flavonoids, luteolin and quercetin are the 
most intensively studied, as summarized in Table 2.

2.2 Pharmacological effects of flavonoids
  It has been reported that chrysanthemum total flavonoids 
possess inhibitory effect on oxidation induced by intensive 
lipid uptake and accumulation in a dose-dependent 
manner (25). This effect could be explained by the 
reduction of multiple phenol groups in flavonoids. Free 
radicals produced by the oxidation of lipids inside cells 
might react with these groups, and block the oxidation 
process due to these free radicals.
  Total flavonoids of chrysanthemum could also reduce 
serum levels of triglyceride, total cholesterol, low-density 
lipoprotein cholesterol, non-esterified fatty acid in rats 
with lipid metabolism disorders (26). Meanwhile, they 
have been suggested to increase serum high-density 
lipoprotein cholesterol levels as well. Evidence combined 
together has shown that total flavonoids of chrysanthemum 
could serve as protective factors, which is capable of 
affecting the fat metabolism-related enzymes lipoprotein 
lipase and transport protein Apolipoprotein B, hence play 
an important role in the breakdown and transport of lipids. 
In histochemical studies, chrysanthemum flavonoids can 
reduce liver lesions caused by hyper-lipidism. It also has 
some effect on improving arterial vascular lesions caused 
by hyper-lipidemia. Wild chrysanthemum total flavonoids 
have been shown to inhibit the growth of fissicoccal  
yeast, staphylococcus, hemolytic staphylococcus, tropical 
candida, Staphylococcus aureus and malt-obsessed 
monocytobacteria , and thus possess the anti-microbial 
activity.
  Studies have also shown that quercetin extracted from 
chrysanthemum could protect vascular endothelial cells 
(VECs) by promoting their proliferation. Certain doses of 
quercetin could inhibit hydrogen peroxide-induced release 
of the lactic acid dehydrogenase in VECs, promoting the 
secretion of precycline from the damaged VECs. As a 

result, quercetin is capable of keeping endothelial cells 
in the blood vessels intact and has the ability to resist 
oxidative damage (27). In addition, quercetin could 
reduce the expression of proliferating cell nuclear antigen 
(28), and thereby inhibit the activity of DNA polymerase 
by interfering with the synthesis of DNA, eventually 
suppressing the proliferation of tumor cells (29).
  Meanwhile, luteolin extracted from chrysanthemum 
could significantly inhibit the extracellular regulation 
of protein kinase ERK2 (30), reduce ovarian cancer cell 
metastasis, thereby exerting an anti-cancer effect (31). 
Moreover, scholars have found that luteolin has a potent 
anti-inflammatory effect on bowel inflammation in rats (32). 
Meanwhile, reports have also implied that luteolin could 
inhibit the gene transcription of the pre-inflammatory factors 
in dendritic cells of the bone marrow (33). It has also been 
found that luteolin can effectively reduce the thickness 
of the airway wall and smooth muscle of asthma mice by 
inhibiting the secretion of pro-inflammatory cytokines 
such as interleukin (IL)-4 and IL-5, increasing the released 
level of interferon (INF)-γ, and thus improving the airway 
remodeling in asthma model mice (34).
  Additionally, investigations with mouse ear swelling 
and vascular permeability experiments have shown 
that luteolin-7-O-β-D-glucosin, apigenin-7-O-β-D-
glucosin and linarin, extracted and separated from wild 
chrysanthemum, have anti-inflammatory effects (35). 
In recent years, during the search for natural anti-viral 
compounds, crude extracts of chrysanthemum have been 
shown to inhibit human immunodeficiency virus (HIV)-
1 integrative enzyme. Further analysis has revealed 
that a type of apigenin glycoside, apigenin-7-O-β-D-
(4’-caffeoyl)-glucuronide, possesses the strongest anti-
HIV activity. A recent research has also indicated that 
monolith-clycosin-7-O-glucosin from chrysanthemum has 
an anti-hypertensive effect on blood pressure in rats (36).

3. Volatile oils in chrysanthemum extracts and 
their potential pharmacological effects
3.1 Types of volatile oils
  The volatile oil ingredients of chrysanthemum are 
mainly composed of monoterpenes and sesquiterpenes, 
their oxygen-containing derivatives, aromatic compounds 
and alkanes (37). Among them, the main components of 
monoterpenes include camphor, dragon brain, 1,8-aminoyl 
ether, α-thujone, β-pinene, verbenone, verbenol and 
p-cymene. The main components of sesquiterpenes include 
farnesene, farnesol, zingiberene, bisabolol, cananga oil 
and α-cadinol. Studies have shown that the distribution 
of the components of different varieties of volatile oils 
in chrysanthemums extracts is obviously different, and is 
related to the origin and processing methods. An analysis on 
the four major medicinal chrysanthemums, namely “Hang 
Ju”, “Gong Ju”, “Chu Ju” and “Bo Ju” has found that, the 
most volatile oil types are “Chu Ju”, containing a total 
of 46 types of volatile oil composition, followed by “Bo 
Ju”, which includes 35 varieties. “Gong Ju” and“Hang Ju” 
possess only 18 and 6 types of volatile oils, respectively.
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3.2 Pharmacological effects of volatile oils
  In general, investigations have indicated that the volatile 
oil components of chrysanthemum have the ability of 
mutation suppression, anti-inflammation and anti-cancer 
effect (38), as summarized in Table 3.
  In a study, the chrysanthemum volatile oil could 
inhibit sister-strand crossover induced by erythromycin 
and methylene sulfonate in mouse bone marrows. 
The authors have shown that the inhibitory effect 
might be exerted via reducing the split indies of sister-
strand monomer exchange induced by erythromycin, 
suggesting that chrysanthemum volatile oil might play 
a role in suppressing mutation formation. A research 
has also indicated that the compound extracted from 
the chrysanthemum has a strong anti-bacterial activity 
. They have shown that at low concentrations, its anti-
bacterial activity is gradually elevated with increasing 
concentrations of the extract, although the elevation is 
obvious at high concentrations. Further chemical analysis 
has revealed that the main components of the volatile 
oil include lemon oil, β-golden hepenene  and oxidized 
hexapenene .
  Volatile oil extracted from “Hang Ju” could significantly 
inhibit the swelling of the ear shell caused by xylene-
induced inflammation in mice (39). Meanwhile, it 
could also inhibit the swelling of rats' feet caused by 
carrageenan-induced inflammation in a short period 
of time, and the level of prostaglandin E2 in the 
inflammatory model is significantly reduced, indicating 
that volatile oil may play an anti-inflammatory role by 
inhibiting the production of inflammatory factors. It 

would be quite interesting to note that an investigation 
has indicated that chrysanthemum volatile oil could 
significantly reduce the body temperature of fevered rats 
instead of the non-volatile oil (40). In addition, another 
research has revealed that low, medium and high doses 
of volatile oil extracted from “Hang Ju” are able to 
significantly reduce the elevated body temperature caused 
by endotoxin in rabbits in a dose-dependent manner. This 
study further suggests that the fever relieving mechanism 
may be related to changes in the content of monoamine 
neurotransmitters including norepinephrine, dopamine, 
and 5-hydroxytryptamine in the hypothalamus tissue due 
to the volatile oil intake (41).
  Another study suggests that pyrethroids in the 
chrysanthemum volatile oil could be the active ingredient 
that possesses a significant cytotoxic effect on human 
nasopharyngeal cancer cell strain CNE1 by inducing in 
time- and dose-dependent manners.

4. Organic acids in chrysanthemum extracts and 
their potential pharmacological effects
4.1 Types of organic acids
  Chlorogenic acid (also named 3-O-caffeoylquinic acid 
and caffetannic acid) and its derivatives are the main 
organic acid compounds discovered in chrysanthemum 
extracts. As a phenolic acid compound, the chlorogenic 
acid is made up of the coffee acid and quinine acid. 
Therefore, the derivatives of chlorogenic acid include 
caffeoylquinic acids, dicaffeoylquinic acids, and 
caffeoylquinic acid esters (42, 43).

Figure 1. A summarization on the composition and possible pharmaceutical effects of Chrysanthemum extracts.
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4.2 Pharmacological effects of organic acids
  Pharmacological effects of anti-oxidant, anti-tumor, 
immunomodulation and blood sugar reduction have 
been suggested to be linked with chlorogenic acid and 
derivatives extracted from chrysanthemum (44).
  Investigations have revealed that organic acids extracted 
from chrysanthemum possess a wide range of anti-oxidant 
activities, since the chlorogenic acid and derivatives show 
strong inhibition and removal effect on free radicals such 
as 2,2-diphenyl-1-picrylhydrazyl (DPPH), lipid oxidation 
derivatives and hyperoxides. In addition, reducibility 
of these organic acids on oxidized iron even surpasses 
vitamin C (45). This is due to the reductive hydroxyl 
group in the chlorogenic acid molecule, which forms a 
proton with anti-oxidative ability. When combined with 
free radicals such as hydroxyls or super-oxygen anions, 
the deionized proton could stabilize these free radicals and 
hence protect cells and tissues from oxidation.
  In a study conducted on primary cells separated from 
the Lewis lung cancer mouse and in human lung cancer 
cells A549, chlorogenic acid has been found to maintain a 
certain level of inhibitory effect in vitro and in vivo, with 
the peak inhibitory dose at 20 mg/kg (46). It is speculated 
that the inhibitory effects on these lung cancers is achieved 
both directly by inducing apoptosis in cancerous cells 
and indirectly by regulating immune surveillance T cells. 
In addition, chlorogenic acid has a significant inhibitory 
effect on CT26 colon cancer transplanted tumors (47), 
where the tumor suppression rate increases with elevated 
concentrations of chlorogenic acid.
  The regulatory role of chlorogenic acid and derivatives 
from chrysanthemum on immune system is also quite 
obvious in some investigations. Chlorogenic acid could 
significantly upregulate the levels of INF-γ and tumor 
necrosis factor (TNF)-α in both epithelial lymphocytes 
and inherent lymphocytes in the intestine, and high doses 
of chlorogenic acid could also promote the secretion of 
TNF-α in peripheral monocytes in the blood. In addition, 
studies have shown that chlorogenic acid can promote the 
productions of INF-γ and TNF-α in human lymphocytes 
and peripheral white blood cells, and enhance the 

proliferation of T cells caused by influenza virus antigens.
  Chlorogenic acid has also been found to effectively 
reduce the blood sugar levels in an alloxan-treated diabetic 
mouse model, and there is no significant difference in 
blood glucose values among the high-, medium- and low-
dose groups after administration . However, it has no 
significant effect on blood sugar levels in normal mice, 
suggesting it might be directly related with the alloxan 
induced signaling. Another report suggests that 1,5-bis-
O-caffeoylquinic acid, a derivative of chlorogenic acid, 
could reduce the occurrence of hepatic damage including 
fibrosis, and hence possesses a protective role in liver 
cells . The molecular mechanism remains unclear, but the 
investigation suggests this compound could inhibit the 
proliferation cycle of damaged liver cells, promote normal 
cell vitality, and regulate the levels of glutamicpyruvic 
transaminase and glutamic-oxaloacetic transaminase in 
the serum, thereby protecting against the pathological 
structural changes due to acute damage.

5. Polysaccharides in chrysanthemum extracts 
and their potential pharmacological effects
5.1 Types of polysaccharides
  Polysaccharides are complicated and macro molecules 
composed of dehydrated and condensed mono-saccharides. 
At present, the research on the chemical structure of 
polysaccharides in chrysanthemum extracts has mainly 
focused on the composition and connection of mono-
saccharides by determining their biological activities.
Current understanding shows that polysaccharides from 
chrysanthemum are mainly composed of galactose, 
glucose, arabinose, rhamnose, mannitose, xylose and 
ribose. Among these mono-saccharides, galactose and 
glucose are the most abundant ones (48).

5.2 Pharmacological effects of polysaccharides
  Evidence also indicates that polysaccharides from 
chrysanthemum extracts possess pharmacological 
functions including anti-oxidant, anti-tumor and immune 
regulation.
  In vitro experiments showed that three types of 

Components Types Pharmacological effects

Flavonoids Mainly flavonoids (apigenin, luteolin, quercetin, etc.) and their 
derivatives

Antioxidant, blood lipid reduction, anti-
bacterial, anti-cancer, and anti-HIV

Volatile oils Monoterpenes, sesquiterpenes, their oxygen-containing 
derivatives, aromatic compounds, and alkanes

Mutation suppression, anti-inflammation, 
and anti-cancer

Organic acids Caffetannic acid, quinine acid and the derivatives of 
chlorogenic acid

Anti-oxidant, anti-tumor, immune-
modulation, and blood sugar reduction

Poly-saccharides Polysaccharides composed of galactose, glucose, arabinose, 
rhamnose, mannitose, xylose, and ribose

Anti-oxidant, anti-tumor, and immune-
regulation

Others Vitamin C and metal elements Reduce the levels of lead in both bone and 
blood tissues 

Table 1. General categories of the currently reported main components from chrysanthemum and their potential 
pharmacological effects.
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polysaccharides from chrysanthemum (with different 
molecular weights ranging from < 100 kDa, 100-300 
kDa and > 300 kDa, respectively) all possess reducibility 
on radicals such as DPPH, hydroxyl free radicals and 
hyperoxide anion, indicating that these polysaccharides 
are able to remove free radicals and serve as anti-oxidant. 
Another in vivo study also demonstrates that these 
polysaccharides have potent anti-oxidative activity (49). 
However, after refining the polysaccharides, their free 
radical removal activity is reduced in the fine product, 
suggesting that some substances such as binding proteins 
might have synergistic effects on the anti-oxidative 
activity of polysaccharides from chrysanthemum.
  Additional investigations have shown that the 
aforementioned three types of polysaccharides with 
different molecular weights have a significant inhibitory 
effect on human liver cancer cell line HepG-2 in a dose-
dependent manner (50). The polysaccharide with medium 
molecular weight could also reduce the proliferation 
of human breast cancer cell line MCF-7 (51). Another 
research demonstrates that six kinds of polysaccharides 
isolated from chrysanthemum extracts can reduce 
the survival rate of the human pancreatic cancer cell 
line PANC-1, but do not affect or even enhance the 
human normal liver cell line L02, suggesting these 
polysaccharides can be served as a potential anti-cancer 
drug due to their safety.
  Apart from the aforementioned organic acid components, 

chrysanthemum polysaccharides could significantly 
raise the levels of INF-γ and TNF-α in peripheral white 
blood cells as well. Study in cyclophosphamide-treated 
mice with a low immune function has shown that 
chrysanthemum polysaccharides in high and low-dose 
groups could both significantly increase the intensity of 
delayed allergy, increase the serum hemolytic level, and 
promote the production of hemolysin antibodies in these 
mice, indicating that chrysanthemum polysaccharides 
improve cellular and humoral immunities in immune-
suppressive mice.

6. Others
  Abundant vitamin C and metal elements have been 
uncovered in chrysanthemum extracts as well (52). Study 
has shown that the levels of lead in both bone and blood 
tissues is reduced in lead poisoned mice after application 
of chrysanthemum tea. Moreover, the amounts of 
hemoglobin and red blood cells are significantly higher 
in treated mice compared with the model group. This 
phenomenon could be attributed to a low solubility of 
ascorbic lead salt which is formed by combining vitamin 
C with the lead ion. In addition, another study suggests 
that vitamin C could accelerate the metabolism of lead 
thus preventing its deposition. Moreover, selenium in 
chrysanthemum together with some binding proteins 
could also be combined with lead to form stable chelates, 
which aids lead excretion. Meanwhile, iron, zinc and 

Components Chemical Name Molecular Formula Pharmacological effects

Total flavonoids of 
Chrysanthemum

Mixture Mixture 1. Antioxidant 
2. Blood lipid reduction

Wild Chrysanthemum total 
flavonoids

Mixture Mixture Anti-microbial

Quercetin 3,5,7,3',4'-Pentahydroxyflavone C15H10O7 1. Inhibit the proliferation of tumor cells
2. The injury of lipid peroxidation

Luteolin 3',4',5,7-Tetrahydroxyflavone C15H10O6 1. Inhibit the metastasis of ovarian cancer 
cells
2. Anti-inflammatory
3. Improve the airway remodeling in 
asthma model mice

Luteolin-7-O-β-D-glucosin b-D-Glucopyranosiduronic acid,2-
(3,4-dihydroxyphenyl)-5-hydroxy-
4-oxo-4H-1-benzopyran-7-yl

C21H20O11 Anti-inflammatory

Apigenin-7-O-β-D-glucosin b-D-Glucopyranosiduronic acid,5-
hydroxy-2-(4-hydroxyphenyl)-4-
oxo-4H-1-benzopyran-7-yl

C21H20O10 Anti-inflammatoryanti-hypertensive

Apigenin-7-O-β-D- 
(4"-caffeoyl)- glucuronide

C30H24O14 Anti-HIV

Linarin 7-[[6-O-(6-deoxy-alpha-L-
mannopyranosyl)-beta-D-
glucopyranosyl]oxy]-5-hydroxy-4'-
methoxyflavone

C28H32O14 Anti-inflammatory

Table 2. Flavonoids in Chrysanthemum extract and their potential pharmacological effects.
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calcium in chrysanthemum extracts could also antagonize 
the absorption of lead.

7. Conclusion and prospects
  The composition and pharmacological effects of 
chrysanthemum extracts have been studied extensively in 
China, which has been briefly translated and summarized 
in this mini review. However, more investigations on 
several directions are urgently needed before a broader 
range of medicinal applications of chrysanthemum and 
its components. Firstly, many investigations have focused 
mainly on the pharmacological effects of chrysanthemum 
extract. However, not much is known about the potential 
toxicity in terms of dose, origin and processing method 
of chrysanthemum, which could be quite important for 
the safety issues of its application. Secondly, although 
many investigations have demonstrated some molecular 
mechanisms underlying the pharmacological effects, 
most of them lack the specific upstream molecular targets 
that are affected directly. Thus, limited information on 
sensitivity and specificity hinders further development 
of these components to potential drugs. Last but not 
least, due to different origins and processing methods 
of chrysanthemum, the compositions may vary, which 
also pose as obstacles on the way to the commercial 
utilization of chrysanthemum. Therefore, a strict criterion 
based on more detailed analytical and pharmacological 
investigations is highly warranted for chrysanthemum and 
its extracts.
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